It is well known even to the layman that each day the body temperature reaches a highest value toward the evening and a low point early in the morning. Since this phenomenon was described by Gierse in 1842 (see 1), numerous clinical and physiological studies have shown that there is apparently no organ and no function in the body which does not exhibit a similar daily rhythmicity. Whether we measure, hour by hour, the number of dividing cells in any tissue, the volume of urine excreted, the reaction to a drug, or the accuracy and the speed with which arithmetical problems are solved, we usually find that there is a maximum value at one time of day and a minimum value at another. All these rhythms are expressions of a socalled "physiological clock" which we have to consider as a basic feature in nearly all living systems, including unicellular organisms (2) . As a result of extensive work by zoologists and botanists, especially during the last 15 years, we now understand some of the mechanisms involved and have good reason to assume that the rhythm originates primarily in the organism itself. The results of experiments with human subjects which I report on here give support to this hypothesis. In order to introduce the problem, I shall briefly refer to an experiment with birds which may stand as an example for many similar findings.
The Biological Background
An easy technique for following the rhythmic behavior of an animal without disturbing it is to measure its locomotor activity. Caged The older hypothesis of exogenous causation of diurnal rhythms was based, to some extent, on studies of human subjects. The rhythm of night workers was found not to-be shifted as compared to the rhythm of those working in the daytime; scientists who had traveled with sailboats along latitudes reported that the rhythm of their body temperature was always "in phase" with local time. These and other observations suggested an unknown (cosmic) control of the rhythm in man. When The temperature in the room can be set by the subject himself.
The curves in Fig. 3 give an impression of the behavior of a subject under those conditions (7) . There is a clear cycle of sleep and wakefulness which is reflected also in the rhythms of body temperature and of urine excretion. The maxima of the four functions measured are not always exactly "in phase" with each other and with the activity cycle, but they all have, on an average, the same free-running period of about 25.0 hours. Since in this case I myself was the subject, I
can add a few remarks on personal feelings. After a great curiosity about "true" time during the first 2 days of bunker life, I lost all interest in this matter and felt perfectly comfortable to live "timeless." From the knowledge of animal experiments I was convinced that I had a period shorter than 24 hours; when I was released on day 10, I was therefore highly surprised to be told that my last waking-up time was 3 p.m. In the "mornings," I had difficulty in deciding whether I had slept long enough. On day 8, I got up after only 3 hours of sleep (see Fig. 3 Zone time (hours) Fig. 4 . Circadian rhythm of activity and urine excretion in a human subject kept for 3 days under normal conditions, then for 18 days in isolation, and finally again under normal conditions. Black bars, times of being awake; circles, maxima of urine excretion; T, mean values of period for onset and end of activity and for urine maxima. 
Dissociation and Desynchronization
The adaptive significance of circadian rhythmicity is that it enables the organism to master the changing conditions in a temporally programmed world-that is, to do the right thing at the right time. This could be achieved, to some extent, by an exogenous rhythm. But by developing a self-sustained oscillation of approximately the same frequency as that of the environment, the organism, in its own organization, anticipates the respective states which will enable it to react properly to the environmental conditions which will ensue-it is prepared in advance. Another (16) . As we could demonstrate in birds, the time necessary for readjustment is not the same when we shorten the light-dark cycle once by 6 hours as when we lengthen it by the same amount. Applying these results to man, we have to expect different durations of indisposition after long-distance flights eastward and westward. Obviously, it is of interest for civil purposes as well as for military use to know how we can shorten the time required for resynchronization. One way seems to be to influence the natural frequency of the circadian oscillator; this frequency determines to some extent the speed with which the system regains its natural phase relationship to the environment, at least in birds.
Manipulation of artificial Zeitgebersfor example, the insertion of relatively short times of light and dark after extreme long flights-might be another possibility. The discussion of these problems has only reached a state of theoretical analysis and of preliminary experimentation with animals.
All three examples mentioned above show that we still lack much necessary information, but they indicate that the self-sustained circadian oscillator has to be taken into account. Its main properties seem to be the same in human beings as in all other organisms. We have to study them before we can discuss practical problems successfully. As always in science, a better understanding of the basic phenomena will be the first step toward a proper application in practice.
